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(54) [Title of the Invention] INSULATING FILM, PODUCTION METHOD 
THEREFOR AND SEMICONDUCTOR DEVICE USING INSULATING FILM 
(57) [Abstract] 
[Problem] 

To provide an insulating film having a low carbon 
concentration in the film in a plasma CVD using an organic silane 
gas and an oxidative gas as raw materials, a method for producing 
the same and a thin film transistor of high reliability using 
the insulating film. 
[Means for Resolution] 

The insulating film according to the present invention 
is formed, in a plasma CVD method using an organic silane gas 
and an oxidative gas as raw materials, under the condition that 
a ratio of the organic silane gas/the oxidative gas is 4% or 
less or a substrate temperature is 400°C or more and is 
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characterized in that a carbon concentration in the film is 
1x10^*^ atoms/cm"^ or less. Further, in the semiconductor device 
according to the present invention, a gate insulating film 
thereof or a portion of the film is formed by the plasma CVD 
method using the organic silane gas and the oxidative gas as 
raw materials and is characterized in that the carbon 
concentration in the film is 1x10^° atoms/cm^ or less. Under 
these circumstances, the semiconductor device having high 
reliability can be formed. 

[Claims] 

[Claim 1] 

An insulating film, which is formed by a plasma CVD method 
using at least an organic silane gas and an oxidative gas as 
raw materials, being characterized in that a carbon 
concentration in the film is 10^° atoms/cm^ or less. 
[Claim2] 

A method for producing an insulating film, being 
characterized in that, in a plasma CVD method using at least 
an organic silane gas and an oxidative gas as raw materials, 
a carbon concentration of the insulating film to be formed is 
controlled by controlling a vapor phase reaction in the plasma. 
[Claim 3] 

The method for producing the insulating film according 
to Claim 2, being characterized in that such control of the 
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vapor phase reaction in the plasma is a control of a mixing 
ratio (organic silane gas/oxidative gas) of the organic silane 
gas to the oxidative gas. 
[Claim 4] 

The method for producing the insulating film according 
to Claim 3, being characterized in that the mixing ratio (organic 
silane gas/oxidative gas) of the organic silane gas to the 
oxidative gas is 4% or less. 
[Claims] 

A method for producing an insulating film^ being 
characterized in that, in a plasma CVD method using at least 
an organic silane gas and an oxidative gas as raw materials, 
a carbon concentration of the insulating film to be formed is 
controlled by controlling a substrate temperature at the time 
of forming the film. 
[Claim 6] 

The method for forming the insulating film according to 
Claim 5, being characterized in that the substrate temperature 
at the time of forming the film is set at 400''C or more. 
[Claim 7] 

A semiconductor device, comprising: 
a substrate; and 

a transistor formed on the substrate, 

being characterized in that an insulating film having 
an in-film carbon concentration of 10^° atoms/cm^ or less is 
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contained in at least a portion of a gate insulating film of 
the transistor. 
[Claim 8] 

The semiconductor device according to Claim 7, being 
characterized in that the substrate is a translucent substrate. 
[Claim 9] 

The insulating film according to Claim 1, being 
characterized by comprising a silicon dioxide film. 
[Claim 10] 

The method for forming the insulating film according to 
Claim 2 or 5, being characterized in that the insulating film 
is a silicon dioxide film. 
[Claim 11] 

The insulating film according to Claim 1, being 
characterized in that the organic silane gas is tetraethoxy 
silane . 

[Claim 12] 

The method for producing the insulating film according 
to Claim 2 or 5, being characterized in that the organic silane 
gas is tetraethoxy silane. 
[Claim 13] 

The insulating film according to Claim 1, being 
characterized in that the oxidative gas is oxygen or ozone. 
[Claim 14] 

The method for producing the insulating film according 
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to Claim 2 or 5, being characterized in that the oxidative gas 
is oxygen or ozone. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to an insulating film, a 
method for producing the same and a semiconductor device using 
the insulating film and, more specifically, to methods for 
producing a thin film transistor to be used in a liquid crystal 
display device or the like of an active matrix type and a gate 
insulating film thereof. 

[0002]. 
[Prior Art] 

In a liquid crystal display of an active matrix type, 
a multitude of thin film transistors of MOS 
(metal-oxide-semiconductor) type are formed on a glass 
substrate and, as a semiconductor material for the thin film 
transistors, an amorphous silicon film or a polycrystalline 
silicon film is used. In the amorphous silicon film, an electron 
mobility thereof is as low as about 1 cm/Vs and is not appropriate 
for realizing a higher function and a higher integration of 
a liquid crystal device and, therefore, the polycrystalline 
silicon film having a high electron mobility has been used in 
many cases for realizing the higher function of the above. 
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[0003] 

As for an insulating material, although a silicon oxide 
film is ordinarily used, a thermally oxidized film which requires 
a high temperature treatment can not be formed on a glass 
substrate which is vulnerable to heat and a chemical vapor 
deposition (CVD) method is used. Examples of such CVD methods 
include a thermal CVD method which thermally decomposes a raw 
material gas, and a plasma CVD method which decomposes the gas 
by using plasma. 
[0004] 

As for a representative example of the thermal CVD, a 
normal-pressure CVD method is mentioned. It is a method in 
which a monosilane (SiH4) gas diluted with nitrogen and an oxygen 
(O2) gas are blown on a substrate which has previously been 
heated at from 400°C to 500°C and, then, subjected to a thermal 
decomposition on a surface of the substrate to form a silicon 
oxide film. The normal-pressure CVD method is a relatively 
convenient method and, since the silicon oxide film to be formed 
has a low density and a relatively low pressure resistance of 
insulation, it is in many cases used as an insulating protective 
film for an interlayer insulating film or the like. 
[0005] 

As for a raw material gas for forming a silicon oxide 
film by using the plasma CVD method, a mixed gas of SiH4 and 
N2O or a mixed gas of an organic silane represented by tetraethoxy 
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silane (TEOS) and O2 is used. The plasma CVD method is a method 
which decomposes these raw material gas in plasma to deposit 
a silicon oxide film on the substrate and can arbitrarily set 
a substrate temperature. The silicon oxide film formed by this 
method is relatively dense and has a high pressure resistance 
of insulation and is, accordingly, used as a gate insulating 
film of the thin film transistor. Among others, since the 
organic silane is in liquid form at a normal temperature, it 
is safe in handling. Further, since it is relatively superior 
on the point of step coverage, it is effective as a forming 
material of the gate insulating film of the thin film transistor 
which has a convex-concave step. 
[0006] 

However, when, for example, TEOS represented by the 
formula : Si (OC2H5) 4 is allowed be a raw material, a large amount 
of carbon is contained within a film of an Si02 film to be formed . 
For this account, a strain is generated in an Si-Si bond in 
the Si02 film, to thereby cause a problem in that a bias impression 
stress (BT stress) resistance in an atmosphere of heating comes 
to be reduced. 
[0007] 

In order to solve this problem, there is a method, as 
described in JP-A-2-1911, which removes an organic material 
by using an apparatus in which ozone is supplied on a substrate 
and, then, an ultraviolet ray is irradiated thereon, or another 



8 



method, as described in JP-A-5-144803, in which, after a film 
is formed, an annealing treatment is performed thereon for a 
given period of time in an atmosphere of ozone. 
[0008] 

[Problems that the Invention is to Solve] 

However, these methods which use ozone or the ultraviolet 
ray necessitate a new treatment apparatus or processing step 
for the purpose of reducing the amount of carbon, to thereby 
cause a problem of cost or throughput. 
[0009] 

Then, the present invention has an object of providing 
a method which does not perform processing after film forming 
is performed but directly forms a insulating film having a low 
carbon concentration by using a plasma CVD method and a thin 
film transistor having a high reliability to be produced by 
using the method. 
[0010] 

[Means for Solving the Problem] 

An insulating film according to the present invention 
is characterized in that a carbon concentration in the film 
is allowed to be 1x10^° atoms/cm^ or less by controlling a plasma 
vapor phase reaction and a deposition surface reaction in a 
reaction vessel. 
[0011] 

A method for producing an insulating film according to 
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the present invention is characterized in that a vapor reaction 
in plasma is controlled by allowing an organic silane gas and 
an oxidative gas to be raw materials and a mixing ratio thereof 
to be 4% or less, or a reaction on a surface of a formed film 
is controlled by allowing a substrate temperature to be 400**C 
or more. 
[0012] 

In the method for producing the insulating film according 
to the present invention, a reaction for generating COx (x=l 
to 2) in the plasma is promoted by controlling the mixing ratio 
of the organic silane gas and the oxidative gas and then, by 
discharging the thus-generated COx, an amount of carbon mixed 
in the film is reduced. Further, by controlling the substrate 
temperature to be 400°C or more, a reaction of separating COx/ 
or CxHy (x=l to 2; y=l to 6) on the surface of the formed-film 
is promoted, to thereby reduce the carbon concentration in the 
film. 

[0013] 

Still further, a thin film transistor excellent in 
reliability can be realized by allowing the insulating film 
according to the present invention to be a gate insulating film 
of the thin film transistor or a portion thereof. 

[0014] 

[Mode for Carrying Out the Invention] 



10 



Hereinafter, embodiments according to the present 
invention will be described. As for a plasma CVD device, an 
ordinary parallel planar plasma CVD device was used, and 
tetraethoxy silane (TEOS) and oxygen (O2) were used as an organic 
silane gas and an oxidative gas, respectively. However, the 
present invention is not limited to this device and these gases 
so long as a same theory can be held. 

[0015] 
(Example 1) 

FIG. 1 shows a carbon concentration in an insulating film 
in a case in which a TEOS flow rate is set to be constant at 
10 seem; and an O2 flow rate is changed between 140 seem and 
500 seem. At this time the film was formed under the condition 
that pressure was 100 Pa; RF power was 500 W; and a substrate 
temperature was 350°C. 
[0016] 

As for the carbon concentration, a quantitative analysis 
was performed by using a secondary ion mass spectrometry (SIMS) . 
[0017] 

It is found from FIG. 1 that, as the ratio of TEOS/O2 
comes to be smaller, the carbon concentration in the film comes 
to be lower. This is because, as the ratio of TEOS/O2 comes 
to be smaller, an amount of oxygen radical to be generated in 
the plasma is increased and, then, the oxygen radical and carbon 
contained in a TEOS molecule are allowed to react with each 
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other, to thereby increase an amount of CO2 to be generated. 
It is considered that, since CO2 thus generated is high in 
volatility, it is discharged outside the reaction vessel without 
being taken in the film to reduce the carbon concentration in 
the film. 
[0018] 

Further, these films are formed in a thickness of 100 
nm on a monocrystalline silicon substrate and, then, on top 
of them, an MOS device is produced by forming an aluminum 
electrode and, thereafter, BT stress resistance thereof was 
evaluated. As for the stress, in an atmosphere of 85°C, a voltage 
of -30 V was applied on the aluminum electrode. When a 
capacity-voltage (C-V) property before and after application 
of the stress was checked, the C-V property was changed depending 
on the BT stress to a great extent and, then, the flat band 
voltage was shifted to a negative direction. Such phenomenon 
as described above is referred to as a slow trap which is construed 
as a deterioration phenomenon at an interface of the insulating 
film. TEOS/O2 ratio dependence of changed amounts of the flat 
band voltage is shown in FIG. 2. It is found from FIG. 2 that, 
when the TEOS/O2 ratio is 4% or less, the voltage is hardly 
changed, whereas, when the TEOS/O2 ratio is more than 4%, the 
flat band voltage was changed to a great extent . For this account, 
it was found that, in order to form an insulating film of high 
reliability, it is necessary to set the TEOS/O2 ratio to be 
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4% or less . It was also found that, when the carbon concentration 
in the film is 1x10^° atoms/cm"^ or less, a high reliability can 
be obtained. 
[0019] 

Further, it is desirable that a mixing of any of impurities 
from an oxidative gas can be prevented by using oxygen or ozone 
as the oxidative gas. 

[0020] 
(Example 2) 

In an embodiment according to the present invention, a 
substrate temperature was changed between 250°C and 450°C under 
the condition that a TEOS/O2 ratio was 5%; pressure was 100 
Pa; and RF power was 500 W. FIG. 3 shows a substrate temperature 
dependence of the carbon concentration in the film. It was 
found from FIG. 3 that, as the substrate temperature comes to 
be higher, the carbon concentration comes to be lower and, then, 
when the substrate temperature comes to be 400°C or more, the 
carbon concentration comes to be 1x10^^ atoms/cm"^ or less. 
Therefore, even when the TEOS/O2 ratio is 4% or more, it is 
possible to form the insulating film having a low carbon 
concentration by allowing the substrate temperature to be 400°C 
or more. It is considered that this phenomenon is generated 
because, as the substrate temperature comes to be higher, carbon 
is removed from a surface of a growing film as CxHy or COx and, 
then, the amount of carbon to be taken in the film is reduced. 
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[0021] 

FIG- 4 shows a result of analysis of a film formed in 
a condition of a relatively high carbon concentration (substrate 
temperature: 250''C; TEOS/O2 ratio: 5%) by using a 
temperature-programmed desorption spectroscopy (TDS) . A 
signal intensity of mass 28 (CO or C2H4) starts to increase at 
200^*0, reaches a peak at 320^C and decreases at 400^*0. It is 
proved that, when it is 400°C or more, carbon in the film is 
almost desorbed. 
[0022] 

Further, by allowing the substrate temperature to be 600°C 
or less, the substrate low in cost such as a glass substrate 
comes to be usable; such feature as described above is desirable . 
[0023] 

Still further, it is desirable that a mixing of any of 
impurities from an oxidative gas can be prevented by using oxygen 
or ozone as the oxidative gas. 

[0024] 
(Example 3) 

Now, in Example 3 as an example of a semiconductor device 
provided with the insulating film according to the present 
invention as a gate insulating film, a thin film transistor 
of a liquid crystal display is described in detail. FIG. 5 
is a cross-sectional view of a thin film transistor in the present 
embodiment according to the invention. 
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[0025] 

A structure of this thin film transistor is a structure 
of a well-known top-gate type, in which a buffer layer 2 is 
provided on a glass substrate 1, a semiconductor layer 3 
subjected to patterning in an island shape is covered with a 
gate insulating film 4 and, then, a source-drain electrode 6 
connected to a contact region containing the gate electrode 
5 and the semiconductor layer 3 is formed. Then, in the present 
embodiment, the insulating film according to the present 
invention is used as the gate insulating film 4. At this time, 
the gate film was formed under the condition that a substrate 

temperature was 450^C; a TEOS/O2 ratio was 4%; pressure was 100 
Pa; and RF power was 500 W. As a result of SIMS analysis, the 
carbon concentration of this insulating film was 3x1 0"*"^ atoms /cm*^. 
When reliability of this thin film transistor was evaluated, 
before andafterBT stress (85°C; -30V) was applied for lOminutes, 
a shifted amount of a threshold voltage of the thin film 
transistor was 0.1 or less. This value was as small as one 
several tenths of the shifted amount of the conventional thin 
film transistor. 
[0026] 

Further, in the present embodiment, an entire gate 
insulating film was allowed to be the insulating film according 
to the present invention; however, even when a portion thereof 
was allowed to be the insulating film according to the present 
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invention, similar effect to the above can be obtained. For 
example, as the gate insulating film, the insulating film 
according to the present invention is formed in a thickness 
of 10 nm under the condition that a substrate temperature was 
350°C; a TEOS/O2 ratio was 2%; pressure was 100 Pa; and RF power 
was 500 W and, subsequently, an insulating film was laminated 
thereon in a thickness of 900 nm under the condition that a 
TEOS/O2 ratio was 5% . As for reliability of the gate insulating 
film, since characteristics thereof in the vicinity of an 
interface is extremely important, the insulating film according 
to the present invention is formed in the vicinity thereof and 
the gate insulating film is formed in other portions under the 
condition of a fast film-forming speed and, then, the gate 
insulating f ilmhaving a high reliability canbeproducedwithout 
reducing the throughput; such feature as described above is 
desirable. 
[0027] 

[Advantage of the Invention] 

As has been described above, since an insulating film 
having a low carbon concentration can be formed even with an 
organic silane by adopting a method for forming the insulating 
film according to the present invention, the insulating film 
having a high reliability can be obtained. 
[0028] 

Moreover, by using this insulating film as a gate 
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insulating film in a semiconductor device such as a thin film 
transistor, the semiconductor device having a high reliability 
can be produced- 

[Brief Description of the Drawing] 

[FIG. 1] It is a graph showing a relation between a mixing 
ratio of TEOS/O2 and a carbon concentration in a film in Example 

1 according to the present invention. 

[FIG. 2] It is a graph showing a relation between a mixing 
ratio of TEOS/O2 and a shift amount of a flat band voltage by 
a BT stress in Example 1 according to the present invention. 

[FIG. 3] It is a graph showing a relation between a substrate 
temperature and a carbon concentration in the film in Example 

2 according to the present invention. 

[FIG. 4] It is a graph showing a result of TDS analysis of 
an amount of a removed gas in regard to a conventional insulating 
film. 

[FIG. 5] It is a cross-sectional view of a thin film 
transistor in Example 3 according to the invention. 

[Description of Reference Numerals and Signs] 

1 glass substrate 

2 buffer layer 

3 semiconductor layer 

4 gate insulating film 



5 gate electrode 

6 source-drain electrode 
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